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Abstract

‘Golden Delicious’ apples were wound inoculated with conidial suspensions of €ithietotrichum acutatum or Penicillium
expansum, then treated with heat (3&) for 4 days, sodium bicarbonate, and/or one of two heat tolerant biocontrol agents (yeasts).
Following four months storage at @, the apples were left at room temperature for two weeks. Populations of antagonists were
stable throughout the experiment and were higher on the heated than the non-heated fruit. Both antagonists reduced decay cause
by P. expansum, whereas heat or heat in combination with either antagonist eliminated decay. Either heat or the antagonists alone
reduced decay caused Byacutatum, but a combination of the two was required to completely eliminate decay caused by this
pathogen. Adding sodium bicarbonate to the heated or antagonist-treated fruit had little effect on decay caused by either pathogen
but when used on non-heated fruit, it significantly reduced decay severity cauBeekpgnsum after four months at 0C. The
goal of this research is to combine alternative methods of control to provide an effective substitute for synthetic pesticides.

. Published by Elsevier B.V.
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1. Introduction important. Consumers are demanding less chemical
residue on produce, and many fungi are developing
Elucidating non-chemical control methods to re- resistance to commonly used fungicides. The use of
duce postharvest decay is becoming increasingly fungicides is becoming more restricted due to health
concerns Ragsdale and Sisler, 1994lt is there-
"+ Corresponding author. Tek:1 301 504 6980: fore necessary to develop altgrnatives to .synthetic
fax: +1 301 504 5107. chemical control to reduce environmental risks and
E-mail address: Conwayw@ba.ars.usda.gov (W.S. Conway). raise consumer confidence. Several alternatives show
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promise, but none alone is as effective as fungicides.
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described in 1928Rarger, 1928 and has since been

A strategy must be developed that combines several used to control postharvest decay of lemons in Cali-

of these alternatives to enhance their effectiveness.

Prestorage heat treatment is one alternative of in-

creasing interest, for use in alleviating physiological
maladies of various commoditieki(rie, 1999. It has

fornia because it is inexpensive, readily available and
can be used with little risk of fruit injuryHalou et al.,
2001.

Many alternatives to chemical control have been in-

shown potential as a method to reduce postharvest de-vestigated, but none, when used alone, provides the

cay as well. Heat treatment (38 for 4 days) was
effective in eradicatingPenicillium expansum Link.
on apples initially but exhibited no residual activity
(Fallik et al., 199%. Similarly, ‘Golden Delicious’ ap-
ples inoculated withP. expansum and then exposed
to 38°C for 4 days had either significantly less decay
than non-heated fruit or the decay was totally eradi-
cated [everentz et al., 20Q0The same heat treatment
also reduced decay caused @ylletotrichum acuta-
tumbut did not control it as effectively & expansum
(Janisiewicz et al., 2003

Another alternative that continues to show promise
is that of biological control of postharvest diseases
(BCPD) @anisiewicz et al., 2001; Janisiewicz and
Jeffers, 1997; Korsten et al., 1994; Usall et al., 2001,
Wilson and Wisniewski, 1989; Zhou et al., 2001
Decay caused byotrytis cinerea and P. expansum

level of control of synthetic fungicides. While heat
treatment virtually eliminates decay if fruit are inocu-
lated prior to heating, it has little effect when infection
occurs after heating, therefore, having no protective
effect Klein et al., 1997. Likewise, SBC does not pro-
vide persistent protection of the fruit from re-infection
after treatment§milanick et al., 1999 The major lim-
itations with biocontrol are a lack of eradicative activ-
ity, and a narrower spectrum of activity than is found
with synthetic fungicides. The effect of environmen-
tal factors on biological control (performance margin)
is also generally greater than for fungicides. As fruit
mature, higher concentrations of the biocontrol antag-
onist must be used to achieve the same level of control
as on immature fruit (Janisiewicz, unpublished data).
A combination of the three methods described
above may complement one another to overcome the

has been controlled on apples and pears by bacterialshortcomings of each. An antagonidigtchnikowia

and yeast antagonists, both under laboratory con-

ditions and in large-scale test€land-Goyal and

pulcherrima T5-A2, was used in combination with
heat (38C for 4 days) and 1-methylcyclopropene

Spotts, 1996; Janisiewicz et al., 1994; Janisiewicz treatments to control decay caused Byexpansum

and Marchi, 1992; Roberts, 19p0Effective bio-

andC. acutatum on ‘Golden Delicious’ apples under

control has also been achieved against postharvestcontrolled atmosphere condition3afisiewicz et al.,

pathogens of stone, citrus, and subtropical and tropi-

cal fruit worldwide Qanisiewicz and Korsten, 20p2

Several biocontrol agents are now being used com-

mercially to control postharvest decay of fruit. For
example, Biosave (EcoScience Corp., Orlando, FL)

has been used on pome fruit and Aspire (Ecogen Inc.,

Langhorne, PA) is being used on citrus fruit. Biosave
products, which utilize strains dPseudomonas sy-

2003. Both of these decays were effectively con-
trolled by a combination of the antagonist and heat
treatment. The antagonist controlled decay caused
by C. acutatum more effectively than that caused
by P. expansum, while P. expansum was more effec-
tively controlled by heat treatment. In another study,
Bacillus subtilis isolates were evaluated for control
of postharvest decay of oranges Bydigitatum and

ringae, have proven successful on pome and citrus Penicillium italicum and an increase in biocontrol
fruit; their use has expanded to cherries and potatoesactivity of all isolates was observed when combined
and they are currently being considered for use on with SBC (Obagwu and Korsten, 20D2A combi-

other fruit and vegetables, as well.
Another alternative is sodium bicarbonate (SBC,
NaHCG;), acommonly used food additive, and a com-

nation of an antagonist and SBC also controlied
digitatum on oranges and grapefruit more effectively
than the either treatment alonedrat et al., 2003

pound thatis generally regarded as safe (GRAS) by the The ultimate goal of this research is to devise a

United States Food and Drug Administration. Immers-

strategy that combines several of these alternatives that

ing fruit in solutions of SBC to control the postharvest will equal the effectiveness of chemical control. The

incidence ofPenicillium digitatum on citrus was first

specific objective of this research was to determine the
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effect of heat, antagonist, and SBC treatments, alone been used in previous biocontrol studidar{isiewicz
and in combination, on postharvest decay caused byet al., 2003; Janisiewicz and Jeffers, 1997; Janisiewicz
C. acutatum andP. expansum on ‘Golden Delicious’ and Marchi, 1992 The pathogens were routinely
apples. grown on potato—dextrose—agar (PDA) and virulence
was maintained by periodic transfers through apple.
The conidial suspensions (& 10* conidia/ml) used

2. Materials and methods to inoculate the fruit were prepared from 10-day-old
cultures as previously describedagisiewicz and
2.1. Fruit Marchi, 1992.

‘Golden Delicious’ apples were harvested at the pre- 2.3. Antagonists
climacteric stage (the climacteric rise in gé&nd ethy-
lene production had not yet begun) from a commercial The two antagonists (ST1-D9 and FMB-24H-2)
orchard in Pennsylvania and randomized prior to treat- used, were different strains of the yeaést pulcher-
ment. The respiration and ethylene production rates rima and were isolated from apple surfaces. Both

of the preclimacteric fruit were 7& 5nmolkgts?! strains were able to grow at low temperatures and were
and 3+ 1 pmolkg st respectively. effective antagonists oP. expansum, (Janisiewicz

et al., 200} but had not been tested agai@stacu-
2.1.1. Fruit quality determination tatum. ST1-D9 was heat resistant at 3B (Leverentz

Ethylene production and respiration rates of the et al.,, 2000, but FMB-24H-2 had not been tested
non-heated control and heat-treated fruit were mon- for heat resistance. The yeasts were grown in 50 ml
itored every 8h during a seven-day period using an of nutrient yeast—dextrose broth medium in 250-ml
automated systemizumi et al., 1998 Four 5-fruit Erlenmeyer flasks at 2& on a gyratory shaker at
replications were measured after zero, two and four 150 rpm. After 24 h of incubation, the cells were har-
months in air storage at°@. The starch content at vested by centrifuging at 7000 g for 10 min, resus-
harvest before and after heat treatment was measuredgoending in water, and the concentration was adjusted
using the Cornell generic starch scale of 1B&fpied to 3 x 10’ CFU mi~1 with a spectrophotometer set at
and Silsby, 199p 420 nm.

Magness—Taylor (MT) firmness measurements were
done on 20 apples after zero, two and four months 2.4. Sodium bicarbonate
at 0°C plus 1 day at 20C in air storage. Firmness
was measured using a manually controlled digital pen-  Solutions of SBC (Sigma—Aldrich, St. Louis, MO)
etrometer (EPT-1 with an 11.1-mm diameter tip; Lake at concentrations of O (control, water only), 0.3, or
City Technical Products, Kelowna, BC, Canada) set 1% (w/v) at pH 8.3-8.6 were used. The concentra-
in the MT mode and interfaced with a personal com- tions were selected following preliminary experiments
puter. Magness—Taylor firmness (bioforce yield) was to determine their compatibility with the two anta-
measured at two opposite points on the equator of eachgonists.
fruit after removing a thin slice of peel from each site.

2.5. Fruit inoculation and treatments
2.2. Pathogens
2.5.1. Fruit inoculation and lesion measurement

TheC. acutatumisolate was obtained from Kenneth The fruit were wounded with a six-penny nail to a
D. Hickey, Penn State Fruit Research Laboratory and depth of 4 mm and the wounds were inoculated with
Extension Center, Biglerville, Pennsylvania, and had 25pl per wound of eithe€C. acutatum or P. expansum
been used in a previous biocontrol tedarisiewicz conidia alone, or the individual pathogens in combi-
et al.,, 2003. The P. expansum isolate (MD-8) is a nation with one of the antagonists and/or one of the
very aggressive isolate from our collection that was SBC solutions. After inoculation, one lot of fruit was
isolated from a decayed apple in storage and had alsoplaced in OC storage and another similarly treated
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lot was subjected to heat treatment. Following heat 50
treatment, the fruit were also stored &@®in a com- B o Heat
pletely randomized design and both lots of fruit were 'E 40 - A [ Heat
evaluated for decay incidence and severity after two %
and four months at @C and again after an additional £ 304
14 days at 20C. The non-treated (control) fruit that E B B
were totally decayed bly. expansum after two months 5 20
in storage were discarded after evaluation. There were IS i
three replications of 15 fruit per treatment. Decay § 107 b b
severity was determined by measuring the diameter 0
of the lesions at each evaluation period. \ n o
«© o~ O

00(\ ﬂ,b‘ 6«’»

2.5.2. Heat treatment P\
The lot of apples to be heat treated was placed in Treatment

tray-packed boxes containing perforated polyethylene Fo 1D _ Golden Delicious anoles inoculated
bags as liners and heated in a thermostatically con- '3 - eca.yhseve”ty o et oo T ate
°C lk-in chamber. The fruit heat with Colletotrichum acutatum and then subjected to various treat-
trolled (+1°C) walk-in chamber. The fruit were heat  ments or treatment combinations of heat (88 4 days), one of
treated at 38C for 4 days and the relative humidity  two biocontrol strains (FMB-24H-2 or ST1-D9) dfletchnikowia
was maintained at >85%. The storage conditions were pulcherrima or sodium bicarbonate and then stored for 4 months
monitored with a hygrothermograph (Belfort Instru- @t 0°C plus 2 weeks at 20C. The means are averaged over all

ment Co., Baltimore, MD). Following heat treatment, ©°f {1 sodium bicarbonate treatments, since there was no sodium
_ bicarbonate effect. Bars with different letters are statistically dif-
the fruit were stored at TC.

ferent at the significance level of 0.05. Lower case letters indicate
statistical differences for the heat-treated fruit and capital letters
2.6. Antagonist recovery indicate statistical differences for the non-heated fruit.

Populations of the two yeasts were determined _ ) )
immediately following inoculationTo), after 12h at ~ Inst.) (Table 2. The assumptions of the mixed linear
20°C following inoculation, and after the four-day ~Model were checked, and the variance grouping tech-
heat treatment (38C), or cold storage (6C). Sam-  Nique was used to correct for variance heterogeneity.
ples were also taken after two months and again after | "€ meéan comparisons were done with Sidak adjusted
four months of storage in air at°C and then after ~ P-values so that the experiment-wise error rate was
two additional weeks at 2@ following four months ~ 0-05. For the lesion |nc_|dence,>é-analy5|s of the
cold storage. Pathogen populations were sampled treatments was done using STATXACT 5 (Cytel Soft-
from the wounds of four fruit per treatment, according Ware Corp., 2000).
to a procedure previously describddeyerentz et al.,

2000. 2.8. Antagonist recovery

2.7. Satigtical analysis The recovery data from apple wounds treated with
FMB-24H-2 and ST1-D9 were analyzed as a three

2.7.1. Lesion severity and incidence factor linear model (where applicable) using PROC

Decay severity due to either pathogen was deter- MIXED (SAS Inst.) with time, antagonist and SBC
mined by measuring the diameter of the lesion at as the main effects. The assumptions of the mixed
each evaluation. No significant decay developed on the linear model were checked and the variance grouping
fruit inoculated withC. acutatum after four months technique was used to correct variance heterogeneity.
at 0°C, so the fruit were stored at 2C for an addi- The mean comparisons were done with Sidak ad-
tional two weeks before determining decay incidence justedP-values so that the experiment-wise error rate
and severity Fig. 1). The data was analyzed as a was 0.05. The data were analyzed separately for each
three-factor linear model using PROC MIXED (SAS storage time.



W.S. Conway et al. / Postharvest Biology and Technology 34 (2004) 11-20 15

3. Results = 2months 4 months + 2 weeks
) ] = r— h td td td
3.1. Fruit physiology = 60 A [— heat |
[}
Between 2 and 3 days after harvest, the fruit entered 8 40 A a .
the climacteric stage of development, as indicated by -_‘g
rapid increases in the respiration and ethylene produc- ¢ 20 |
. o b b a b a
tion rates (data not shown). Heat treatment reduced 2 - na Elin/a WA
climacteric respiration and ethylene production rates — S & & S N @
following zero and two months at°@ plus 7 days § Q;,V &L S Q;,\Y &
at 20°C and four months at @ plus 1 or 14 days & &
at 20°C (Table ). While heat treatment initially de-
Treatment

creased fruit firmness, heat-treated fruit were firmer
than non-heated fruit following zero and two months g 5 pecay severity on ‘Golden Delicious’ apples inoculated
at 0°C plus 7 days at 20C and four months at @C with Penicillium expansum and then subjected to various treat-
plus 1 or 14 days at 20C. Heat treatment increased ments or treatment combinations of heat {88 4 days), one of

the starch score, i.e., decreased the starch content ofwoe biocontrol strains (FMB-24H-2 or STI-D9) dletchnikowia
the fruit at harvest'l(able ]) pulcherrima or sodium bicarbonate after 2 months at@® and

after 4 months at OC plus 2 weeks at 20C. The means are av-
eraged over all of the sodium bicarbonate treatments, since there
3.2. Effect of treatments on decay was no sodium bicarbonate effect. Values for fruit that had either
total decay (td) or no lesions (nfa not analyzed) were not in-
cluded in the statistical analysis. Bars with different letters within
storage time are significantly differer® & 0.05).

3.2.1. Decay severity

Since little decay developed on fruit inoculated
with C. acutatum after two or four months at @C,
the fruit inoculated with this pathogen were moved FMB-24H-2 and ST1-D9 treated fruit were 22.45 mm
to 20°C for two weeks during which time significant and 22.53 mm, respectively, with both antagonists
decay developed. Heat treatment had a significantly being equally effective in reducing decay. Heat in
greater effect in reducing decay than either antag- combination with either antagonist provided signifi-
onist Fig. ). The mean lesion diameters on the cantly better control than either heat or the antago-
non-heated or heat-treated fruit were 38.41 mm and nists alone. The mean lesion diameters of the heat
13.49 mm, respectively. The lesion diameters of the FMB-24H-2 and heatx ST1-D9 were 5.55mm and

Table 1
Maturity indices of non-heated and heat-treated ‘Golden Delicious’ apples stored in &i€ai0 various periods of time
Treatment CQ production (nmolkg!s™1) Ethylene production (nmol kg s~1) Firmness (N) Starch
At harvest (after onset of the climacteric)
Non-heated 173.6: 6.9 & 1.36+ 0.09 a 97.0+ 8.0 a 38t 09a
Heated 1514 40b 1.27+ 0.03 b 86.8+ 75b 6.2+ 10b
2-month-cold storage plus 7 days at 20
Non-heated 153.2 13.0 a 1.32+ 0.05 a 68.3+t 124 b
Heated 1295 7.0 b 1.00+ 0.07 b 753+ 9.1a
4-month-cold storage plus 1 day at 2C
Non-heated 175.2 3.8 a 1.22+ 0.16 a 645+ 6.1 b
Heated 140.06t 134 b 0.75+ 0.06 b 703t 7.0 a
4-month-cold storage plus 14 days at 2D
Non-heated 141> 54 a 131+ 0.14 a 590.2+ 53 b
Heated 116.5 12.8 b 1.04+ 0.04 b 65.7£ 6.0 a

2 Within columns for each time period, values labeled with the same letter are not significantly diffesent@05 using Tukey’'s HSD.
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5.59 mm, respectively. There was very little effect of when SBC was combined with the antagonist, but the
SBC alone or interacting with heat or antagonists alone differences were too small to be statistically signif-
or in combination. icant. Only the heated fruit were retained after four
P. expansum caused decay at all rating times months at OC plus two weeks at 20C (Fig. 2). At
(Fig. 2. Heat treatment was the most effective treat- that time, the antagonist effect was significant with
ment and no decay developed on heat-treated fruit FMB-24H-2 being more effective in reducing decay
after two months at 0C, thus the heat-treated fruit than ST1-D9, but the difference here was also very
were not included in the two month statistical anal- small, because the lesions were not very large.
ysis. On non-heated fruit, both antagonists reduced
decay significantly, but there was no difference in 3.2.2. Decay incidence
effectiveness between the two antagonists. The mean Decay incidence was rated by determining the
lesion diameter of the control was 35.11 mm, while number of fruit inoculated withC. acutatum or
those of the antagonists, FMB-24H-2 and ST1-D9, P. expansum that had no lesions. The number of
were 6.18 and 6.11mm, respectively. After four C. acutatumrinoculated apples without lesions by
months of cold storage, all of the control fruit were treatment and storage time is shown Table 2
totally decayed, and therefore discarded. There was A chi-square analysis of the 18 treatments using
no significant effect of the SBC treatments in com- STATXACT 5 (Cytel Software Corp.) showed that
bination with the antagonists. On non-heated apples the frequency distributions were not all the same
the SBCx heat effects were significanf (= 6.39,P (Chi-square= 256.7, P-value = 0.0005). The top
= 0.0020). However, there was no difference in decay six or best treatments were not statistically different
between the two concentrations of SBElg. 3). On (Chi-square= 8.0000, P-value = 0.1571). However,
heated apples there was no SBCantagonist effect,  the top seven treatments were significantly different
although there was a trend toward less decay on fruit

Table 2
Number of apples without decay (out of 45 per treatment) at
'g' L, I no heat various sampling times on fruit inoculated with acutatum and
g 30 ax ] heat subjected to various treatments
E Treatment Sampling time
e
o 20 4 ay ay Antagonist SBC Heat 2 Months 4 Months 4 Months
% + 2 weeks
S 10 J S 0¥ + 45 42 37
= b x b x b x S 00 + 43 38 36
.(‘73) F 03 + 45 41 35
o 9 F 1.0 + 45 39 34
- 0 03 1 s 10 + 45 38 30
) . 0 F 00 + 45 40 26
SBC Concentration [%] C 03 4+ 45 40 18
! . - . . C 0.0 + 45 40 14
Fig. 3. Decay severity on ‘Golden Delicious’ apples inoculated with  ~ 10 + 44 41 9
Penicillium expansum and then treated with sodium bicarbonate = 03 — 45 45 4
(SBC) at 0, 0.3, or 1.0% and either of the biocontrol strains 10 — 45 44 3
(FMB-24H-2 or ST1-D) ofMetchnikowia pulcherrima and then s 00 — 45 43 3
heated (38C, 4 d) or transferred directly to cold storage in air ¢ 10 — 45 44 2
at 0°C. Fruit had been stored for 4 months &@ Treatment s 03 — 45 43 1
means within SBC concentrations with different letters (a, b) are 00 — 44 42 1
different at the 0.05 significance levéiTreatment means within c 03 - 45 40 0
heat or no heat treatments with different letters (x, y) are different c 00 — 45 39 0
at the 0.05 significance level. Values for fruit that had total decay 1.0 — 38 31 0

(td) were not included in the statistical analysis. The means are
averaged over both antagonists since the effect of either antagonist 2 S, antagonist ST1-D9; F, antagonist FMB-24H-2; C, control.
was similar. b Concentration (%) of sodium bicarbonate (SBC).
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Table 3 3.3. Antagonist recovery
Number of apples without decay (out of 45 per treatment) at
varipus sampling times on fruit inoculated wikh expansum and The populations of the antagonists increased over
subjected to various treatments one log unit during the first 12 h and then were stable
Treatment Sampling time throughout the studyHig. 4). The heat resistance of
Antagonist SBC Heat 2 Months 4 Months 4 Months FMB-24H-2 was similar to that of ST1-D9. Following

+ 2 weeks two months cold storage and thereafter, the popula-
s 1.0 + 45 39 39 tions of both antagonists on the heat-treated fruit were
S 03 + 43 39 37 higher than on non-heated fruit.
F 00 + 45 41 34
F 1.0 + 45 39 33
F 03 + 45 43 32
S 00 + 43 34 31 4. Discussion
c 03 + 45 36 17
C 00 + 45 35 15 ‘Golden Delicious’ apple fruit inoculated witle.
(F: 1:8 f gg gg 12 acutatum did not decay during storage at’G for
s 03 — 38 20 7 four months, confirming earlier observations with this
F 03 — 43 29 6 pathogen Janisiewicz et al., 2003 Therefore, fruit
S 00 - 38 16 6 were stored at 20C for an additional two weeks to
S 10 - & 25 S allow decay to develop so that the effectiveness of the
E 8:8 - 33 1g g various treatments could be determinBdexpansum,
c 03 — 0 0 0 however, caused extensive decay, even under cold stor-
C 10 — 0 0 0 age conditions, indicating that it is a much more ag-

gressive pathogen thah acutatum. No growth ofC.
acutatum on PDA plates was observed at®©, but
growth resumed when the plates were subsequently
moved to 20C (data not shown). Thus, the low tem-
(Chi-square= 21.94,P-value= 0.0013). The antago-  perature was probably the main factor in preventing
nists plus heat were the most effective treatments anddecay development caused by this fungus during the
were not different from each other. The heat treatment four months of cold storageM. pulcherrima strains
alone was more effective than the antagonists alone. FMB-24H-2, ST1-D9, and T5-A2, among others, have
On non-heated fruit, both antagonists significantly all been shown to be effective in reducing decay caused
reduced decay. SBC had no effect on the incidence of by P. expansum (Janisiewicz et al., 2001; Janisiewicz
decay. et al., 2003. In a recent study combining an antago-
For P. expansum (Table 3, a Chi-square analysis nist and heat treatmenignisiewicz et al., 20Q3strain
of the 15 non-zero treatments showed that the fre- T5-A2 alone effectively reduced decay causedty
quency distributions were not all the same (Chi-square acutatum and P. expansum and was even more effec-
= 215.4,P-value= 0.0005). Further analysis showed tive in combination with heat. Similarly, in the present
that the top six treatments were not statistically study, strains FMB-24H-2 and ST1-D9 reduced decay
different (Chi-square= 5.002, P-value = 0.4156). caused byC. acutatum and the decay was further re-
However, the top seven treatments were statistically duced in combination with heat. Heat alone was very
different (Chi-square= 26.43,P-value= 0.0003). As effective in reducing decay severity causedRex-
with C. acutatum, all of the antagonists plus heat were pansum, but combining heat with either of the two
the most effective treatments and were not different antagonists was necessary in order to have a similar
from each other. The heat treatment alone was more effect onC. acutatum. In this study, FMB-24H-2 had
effective than the antagonists alone, but on non-heatedsimilar heat resistance to that of ST1-D9, which had
fruit, the apples treated with the antagonists had sig- previously been tested.éverentz et al., 2090
nificantly less decay than the controls. Here too, SBC  The mode of action of the heat treatment seems
had no effect on decay incidence. to be both through direct interaction with the fungus

a S, antagonist ST1-D9; F, antagonist FMB-24H-2; C, control.
b Concentration (%) of sodium bicarbonate (SBC).
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7.5 7.5
@ FMB-24H-2 ST1-D9 Al
o
7.0 e 7.0
£ S
© J
% 6.5 1 Y, 6.5
L
6.0 - 6.0 -
@)
8’ 5.5 1 5.5 -
5.0 T T T T T T 5.0
TP S SR N SRR\
(NAEPUAN Q/«\ &6‘6\0‘?,
. %
Storage time
—O— 0 % SBC, no heat
—v— 0.3 % SBC, no heat
—0O— 1 % SBC, no heat
-—4—- 0 % SBC, heat
--A-- 0.3 % SBC, heat
--8—- 1 % SBC, heat
Oh 12h 4d 2 months 4 months 4 months + 2 weeks
no heat -- -- 6.5a 6.2a 6.3a
heat 6.9b 6.9b 6.9b

Fig. 4. Recovery oMetchnikowia pulcherrima strains FMB-24H-2 or ST1-D9 from ‘Golden Delicious’ apples which were heatedG38
days) or non-heated and/or treated with 0, 0.3, or 1.0% solutions of sodium bicarbonate (SBC) and stored for various tim@hdQrhk;
12 h=12 hours at 20C; 4 d =4 days in heat or at 20C; 2 mo= 2 months at 0C; 4 mo= 4 months at 0C; 4 mo 2w= 4 months
at 0°C plus 2 weeks at 20C). The statistical analysis (table) combines the means of the two antagonists within each sampling time.

itself, and via physiological responses of the fruit tis-

control ofP. italicumwas achieved by 2, 3, and 4% so-

sue. In vitro studies showed that both germination and lutions of SBC at room temperature, while 1% was in-
growth declined when fungi were exposed to extended effective Palou et al., 2001 The SBC treatment was
periods at higher temperatures. Heat treatment maythought to be primarily fungistatic in that it did not

also alter the susceptibility of the host to pathogens
by the formation of an inhibitory substance in the peel
(Fallik et al., 199%. In addition to its ability to reduce

decay, heat treatment has beneficial effects on mod-

ifying ripening. While seemingly hastening ripening,
as indicated by enhanced peel degreenkigi and
Lurie, 1992; Liu, 1978 postharvest heat treatment ac-
tually delays other important ripening characteristics
involved with maintaining fruit quality in storage by
transiently inhibiting volatile productiorallik et al.,
1997 and maintaining fruit firmnes{ein and Lurie,
1992; Liu, 1978.

Recent research on the effect of SBC in reducing
postharvest fruit decay has mainly focused on citrus
fruit (Obagwu and Korsten, 2002; Palou et al., 2001,
Porat et al., 2003; Smilanick et al., 199%ignificant

kill the P. italicum spores, and therefore was not very
persistent since the fungus survived the treatment. The
fungistatic effect was thought to be due to the pres-
ence of bicarbonate residues in the wounds. The pres-
ence of SBC delayed the germination of spores in the
treated wounds. A more recent study showed that a 2%
SBC solution killed germinating. digitatumspores in
wounds of citrus fruitsPorat et al., 2008 Apparently,
germinating spores are more readily killed by SBC
than non-germinating sporeMérloth, 193). Also,
combining an SBC-tolerant strain of the antagoBist
subtilis with SBC improved decay control d?. dig-
itatum and P. italicum (Obagwu and Korsten, 20p2

It was concluded that the space created by the disrup-
tion of the pathogen development at the wound site
by SBC may have given the antagonist a competitive
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advantage. This may also have been the case in thisBlanpied, G.D., Silsby, K.J., 1992. Predicting Harvest Date
current study on non-heated, SBC treated fruit, while =~ Windows for Apples. Cornell Cooperative Extension,
the heat treatment may have disrupted the pathogen 'formation Bulletin 221.

h . h . " d Chand-Goyal, T., Spotts, R.A., 1996. Control of postharvest pear
enough to give the antagonists a competitive advan- diseases using natural saprophytic yeast colonies and their

tage on heated fruit. combination with a low dosage of thiabendazole. Postharvest
Smilanick et al. (1999yignificantly improved the Biol. Technol. 7, 51-64.

control of P. digitatum on citrus fruits by combining Fallik, E., Archbold, D.D., Hamilton-Kemp, T.R., Collins, R.W.,,

Pseudomonas Wringae strain ESC10 (the active in- 1997. Heat treatment temporarily inhibits aroma volatile

. - . . . “i compound emission from Golden Delicious apples. J. Agric.
gredient in BioSave 10; Village Farms, BioSave Divi Food Chem. 45, 4038—4041.

. . o .
sion, Orlando, FL)_WIth a 3/9 SBC solution. The 0.3 Fallik, E., Grinberg, S., Gambourg, M., Lurie, S., 1995. Prestorage
and 1% SBC solutions used in the present study were  heat treatment reduces pathogenicityPefiicillium expansum
chosen to minimize the effect of SBC on FMB-24H-2 in apple fruit. Plant Path. 45, 92-97.
or ST1-D9. The studies cited above, all used SBC so- lzumi, H., Watada, A.E., Douglas, W., 1996. Optimumn &hd CQ
lutions at concentrations of 2% or more. which were atmospheres for storing broccoli florets at various temperatures.

- . : ' J. Am. Soc. Hort. Sci. 121, 127-131.
compatible with the antagonists used. The 0.3 and 1% | " m. Sec. Hort. Sci ’ . .

. . . . Janisiewicz, W.J., Jeffers, S.N., 1997. Efficacy of commercial

SBC solutions in our study, though compatible with

. o formulation of two biofungicides for control of blue mold and
the antagonists used, may not have been of sufficient  gray mold of apples in cold storage. Crop Protection 16, 629—

strength to negatively affe@. acutatum, but reduced 633.
decay caused by expansum after four months at Janisiewicz, W.J., Korsten, L., 2002. Biological control of
0°C. The negative effect of SBC d® expansum was postharvest diseases of fruits. Annu. Rev. Phytopathol. 40,
. 411-441.
detected only on non-heated fruit. If heat was used, .=~
ith Janisiewicz, W.J., Leverentz, B., Conway, W.S., Saftner, R.A,,
treatment with SBC was unnecessary. Reed, A.N., Camp, M.J., 2003. Control of bitter rot and blue

The need for finding suitable alternatives to fungi- mold of apples by integrating heat and antagonist treatments
cides to control postharvest decay has prompted re- on 1-MCP treated fruit stored under controlled atmosphere
search aimed at combining various alternatives into a  conditions. Postharvest Biol. Technol. 29, 129-143.
control strategy that equals the effectiveness of syn- Janisiewicz, W.J., Marchi, A., 1992. Control of storage rots on

. . . . various pear cultivars with a saprophytic strairPséudomonas
thetic chemicals. The ideal strategy would eradicate syringae. Plant Dis. 76, 555-560.

any pathogens present at the time of treatment andJanisiewicz,W..]., Peterson, D.L., Bors, B., 1994. Control of storage
protect the CommOdity from further infection. Most decay of apples witl§porobolomyces roseus. Plant Dis. 78,
of the alternatives currently being investigated do not ~ 466-470.
have both eradicant and protectant capabilities. Our Janisiewicz, W.J., Tworkoski, T.J., Kurtzman, C.P., 2001.
study shows that Combining several alternatives may Blogontrol of potential Metchnikowia pulcherrima strains

. . against blue mold of apples. Phytopathology 91, 1098-
result in a successful control strategy that includes ;7.0
the desired capabilities, and in addition, we have Klein, J.D., Conway, W.S., Whitaker, B.D., Sams, C.E., 1997.
shown that FMB-24H-2 can be added to the list of Botrytis cinerea decay in apples is inhibited by postharvest
heat-resistant biocontrol agents which can effectively  heat and calcium treatments. J. Am. Soc. Hort. Sci. 122, 91~

reduce decay caused by postharvest pathogens tested. 94

Klein, J.D., Lurie, S., 1992. Heat treatments for improved
postharvest quality of horticultural crops. HortTechnology 2,
316-320.

Korsten, L., De Villiers, E.E., Sehner, F.C., Kotze, J.M., 1994.
A review of biological control of postharvest diseases of
subtropical fruits. In: Champ, B.R., Highly, E., Johnson,
G.L. (Eds.), ACIAR Proceedings on Postharvest Handling of
Tropical Fruits, vol. 50, pp. 172-185.
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